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Description 

TECHNICAL FIELD 

5 [0001 ] The present invention relates to a solid catalyst component and a catalyst for polymerization of olefins, which 
exhibit high activity and excellent catalytic activity to hydrogen and can produce highly stereoregular polymers in a 
high yield. 

BACKGROUND ART 

10 

[0002] A solid catalyst component containing magnesium, titanium, an electron donor compound, and a halogen as 
essential components used for the polymerization of olefins such as propylene has been known In the art. A large 
number of methods for polymerizing or copolymerizing olefins in the presence of a catalyst for olefin polymerization 
comprising the above solid catalyst component, an organoaluminum compound, and an organosilicon compound have 

15 been proposed. For example, Japanese Unexamined Patent Publication No. (hereinafter referred to as JP-A) 
63310/1982 and JP-A No. 63311/1982 propose a method for polymerizing olefins, particularly olefins with three or 
more carbon atoms, in which a catalyst comprising a solid catalyst component containing a magnesium compound, a 
titanium compound, and an electron donor, an organoaluminum compound, and an organosilicon compound having 
an Si-O-C linkage in combination is used. However, because these methods are not necessarily satisfactory for pro- 

20 ducing highly stereoregular polymers in a high yield, improvement of these methods has been desired. 

[0003] JP-A No. 301 0/1 988 proposes a catalyst and method for polymerizing propylene. The catalyst comprises a 
solid catalyst component, obtained by processing a powder produced from dialkoxy magnesium, aromatic dicarboxylic 
acid diester, aromatic hydrocarbon, and titanium halide with heat, an organoaluminum compound, and an organosilicon 
compound. 

25 [0004] JP-A No. 31 5406/1 989 proposes another propylene polymerization catalyst and a method for polymerizing 
propylene in the presence of this catalyst. The catalyst comprises a solid catalyst component obtained by preparing a 
suspension from diethoxy magnesium and alkyl benzene, causing this suspension to come into contact with titanium 
tetrachloride, and reacting the resulting product with phthalic acid dichloride, an organoaluminum compound, and an 
organosilicon compound. 

30 [0005] All of the above-described conventional technologies have attained certain results in improving catalytic ac- 
tivity to the extent of permitting dispensing with an ash-removal step for removing catalyst residues such as chlorine 
and titanium from formed polymers, improving the yield of stereoregular polymers, and improving durability of catalytic 
activity during polymerization. 

[0006] The polymers produced using these catalysts are used in a variety of applications including formed products 
35 such as vehicles and household electric appliances, containers, and films. These products are manufactured by melting 
polymer powders produced by polymerization and forming the melted polymers using various molds. In manufacturing 
formed products, particularly, large products by injection molding or the like, melted polymers are sometimes required 
to have a high fluidity (a melt flow rate). Accordingly, a large number of studies have been undertaken to increase the 
melt flow rate of polymers. 

40 [0007] The melt flow rate greatly depends on the molecular weight of the polymers. In the industry, hydrogen is 
generally added as a molecular weight regulator for polymers during polymerization of propylene. In this instance, a 
large quantity of hydrogen is usually added to produce low molecular weight polymers having a high melt flow rate. 
However, the quantity of hydrogen which can be added is limited because pressure resistance of the reactor is limited 
because of safety. In order to add a larger amount of hydrogen, the partial pressure of monomers to be polymerized 

45 has to be decreased. The decrease in the partial pressure, however, is accompanied by a decrease in productivity. 
Additionally, use of a large amount of hydrogen may bring about a problem of cost. Development of a catalyst capable 
of producing polymers with a high melt flow rate by using a smaller amount of hydrogen, in other words, a catalyst 
which has high activity to hydrogen and can produce a highly stereoregular polymer in a high yield has therefore been 
desired. However, the above-mentioned conventional technologies were insufficient to solve these problems. 

so [0008] In addition, taking these environmental problems, development of a compound without a benzene ring instead 
of the compounds containing a benzene ring mainly used as electron donors for preparing the solid catalyst component 
in above-mentioned conventional technologies is desired. 

[0009] Accordingly, an object of the present invention is to solve such problems remaining in the prior art and to 
provide a solid catalyst component and a catalyst for polymerization of olefins, free from aromatic esters in the catalyst 
55 component, having excellent catalytic activity to hydrogen and high activity, and capable of producing polymers with 
high stereoregularity in a high yield. 
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DISCLOSURE OF THE INVENTION 

[0010] In view of this situation, the inventor of the present invention has undertaken extensive studies to solve the 
problems in the conventional technologies remaining still to be solved. As a result, the inventor has found that a solid 
catalyst component prepared using a magnesium compound such as dialkoxy magnesium and using a malonic acid 
diester or a substituted malonic acid diester as an internal donor exhibits an extremely high effect and can solve the 
above problems. This finding has led to the completion of the present invention. 

[0011] To achieve the above object, a solid catalyst component (A1) for polymerization of olefins of the present 
invention is prepared by contacting (a1 ) a dialkoxy magnesium compound, (b) a tetravalent titanium halide, and (c) an 
electron donor compound of the following formula (1), 

R 1 R 2 C(COOR 3 ) 2 (1) 

wherein R 1 and R 2 individually represent a hydrogen atom, halogen atom, linear or branched alkyl group having 1-20 
carbon atoms, cycloalkyl group, phenyl group, vinyl group, allyl group, aralkyl group, or linear or branched alkyl group 
having 1-10 carbon atoms substituted with one or two halogen atoms, and R 3 individually represents a linear or 
branched alkyl group having 1-20 carbon atoms, cycloalkyl group, phenyl group, vinyl group, allyl group, or aralkyl 
group, in (d) an aromatic hydrocarbon having a boiling point in the range of 50-1 50°C. 

[0012] In addition, another solid catalyst component (A2) for polymerization of olefins of the present invention is 
prepared by contacting (a2) a magnesium compound, (b) a tetravalent titanium halide, (c) an electron donor compound 
of the following formula (1), 

R 1 R 2 C(COOR 3 ) 2 (1) 

wherein R 1 and R 2 individually represent a hydrogen atom, halogen atom, linear or branched alkyl group having 1-20 
carbon atoms, cycloalkyl group, phenyl group, vinyl group, allyl group, aralkyl group, or linear or branched alkyl group 
having 1-10 carbon atoms substituted with one or two halogen atoms, and R 3 individually represents a linear or 
branched alkyl group having 1-20 carbon atoms, cycloalkyl group, phenyl group, vinyl group, allyl group, or aralkyl 
group, and (e) an electron donor compound of the following formula (2), 

(R 4 ) 1 C 6 H 4 (COOR 5 )(COOR 6 ) (2) 

wherein R 4 is a linear or branched alkyl group having 1-8 carbon atoms or a halogen atom, R 5 and R 6 individually 
represent a linear or branched alkyl group having 1-12 carbon atoms, and 1 indicates the number of substituent R 4 
and is 0, 1 , or 2, wherein the groups R 4 may be either the same or different when 1 is 2. 

[0013] Still another solid catalyst component (A3) for polymerization of olefins of the present invention is prepared 
by contacting (a2) a magnesium compound, (b) a tetravalent titanium halide, (c) an electron donor compound of the 
following formula (1 ), 

R 1 R 2 C(COOR 3 ) 2 (1) 

wherein R 1 and R 2 individually represent a hydrogen atom, halogen atom, linear or branched alkyl group having 1-20 
carbon atoms, cycloalkyl group, phenyl group, vinyl group, allyl group, aralkyl group, or linear or branched alkyl group 
having 1-10 carbon atoms substituted with one or two halogen atoms, and R 3 individually represents a linear or 
branched alkyl group having 1 -20 carbon atoms, cycloalkyl group, phenyl group, vinyl group, allyl group, or aralkyl 
group, and (f) an electron donor compound of the following formula (3), 

R 7 -C-COOR 9 

8 " 10 < 3 > 

R -C-COOR 10 
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wherein R 7 and R 8 individually represent a hydrogen atom, halogen atom, linear or branched alkyl group having 1-8 
carbon atoms, or linear or branched alkyl group having 1-10 carbon atoms substituted with one or two halogen atoms, 
and R 9 and R 10 individually represent a linear or branched alkyl group having 2-8 carbon atoms. 
[0014] Still another solid catalyst component (A4) for polymerization of olefins of the present invention is prepared 
by contacting one another (a2) a magnesium compound, (b) a tetravalent titanium halide, (c) an electron donor com- 
pound of the following formula (1), 

R 1 R 2 C(COOR 3 ) 2 ( 1 ) 



wherein R 1 and R 2 individually represent a hydrogen atom, halogen atom, linear or branched alkyl group having 1-20 
carbon atoms, cycloalkyl group, phenyl group, vinyl group, allyl group, aralkyl group, or linear or branched alkyl group 
having 1-10 carbon atoms substituted with one or two halogen atoms, and R 3 individually represents a linear or 
branched alkyl group having 1-20 carbon atoms, cycloalkyl group, phenyl group, vinyl group, allyl group, or aralkyl 
15 group, and (g) a siioxane. 

[001 5] The catalyst for polymerization of olefins of the present invention comprises the above solid catalyst compo- 
nent (A1), (A2), (A3), or (A4), (B) an organoaluminum compound of the following formula (4), 



rViq^ W 



wherein R 11 represents a linear or branched alkyl group having 1 -4 carbon atoms, Q represents a hydrogen atom or 
a halogen atom, and p represents a real number satisfying the formula 0<pS3, and (C) an electron donor compound. 
[001 6] The catalyst for polymerization of olefins of the present invention exhibits a high catalyst activity to hydrogen 
25 and can produce olefin polymers in a high yield while maintaining high stereoregularity of the olefin polymers. The 
catalyst is therefore expected not only to produce polyolefins for common use at a low cost, but also to be useful in 
the manufacture of olefin copolymers having high functions. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0017] 

Figure 1 is a flow chart showing a process for preparing the polymerization catalyst of the present Invention. 
35 BEST MODE FOR CARRYING OUT THE INVENTION 

[001 8] As the dialkoxy magnesium (a1 ) (hereinafter may be referred to as "component (a1 )") used for preparing the 
solid catalyst component (A1) (hereinafter may be referred to as "component (A1) M ) for olefin polymerization of the 
present invention, a compound represented by the formula Mg (OR 14 ) (OR«), wherein R 14 and R 15 individually rep- 

40 resent an alkyl group having 1-10 carbon atoms, is preferable. Specific examples include dimethoxymagnesium, di- 
ethoxymagnesium, dipropoxymagnesium, dibutoxymagnesium, ethoxymethoxymagnesium, ethoxypropoxymagnesi- 
um, and butoxyethoxymagnesium. These dialkoxy magnesium compounds may be prepared by reacting metallic mag- 
nesium with an alcohol in the presence of a halogen or a halogen-containing metal compound. The above dialkoxy 
magnesium compounds may be used either individually or in combination of two or more. 

« [0019] The dialkoxy magnesium compound used for preparing the solid catalyst component (A1) in the present in- 
vention may be in the form of either granules or powder and may be either amorphous or spherical in the configuration. 
For example, when spherical dialkoxy magnesium is used, the resulting polymer is in the form of a powder having a 
more excellent granular form and a narrower particle distribution. This improves handle ability of the polymer powder 
produced during polymerization operation and eliminates problems such as clogging caused by fine particles contained 

50 in the polymer powder. 

[0020] The spherical dialkoxy magnesium need not necessarily be completely spherical, but may be oval or potato- 
shaped. Specifically, the particles may have a ratio (l/w) of the major axis diameter (I) to the minor axis diameter (w) 
usually of 3 or less, preferably of 1 to 2, and more preferably of 1 to 1 .5. 

[0021 ] Dialkoxy magnesium with an average particle size from 1 to 200 urn can be used . A more preferable average 
55 particle size is 5 to 150 urn. In the case of spherical dialkoxy magnesium, the average particle size is usually from 1 
to 1 00 urn, preferably from 5 to 50 u,m, and more preferably from 10 to 40 \im. A powder having a narrow particle size 
distribution with a small fine and coarse powder content is preferably used. Specifically, the content of particles with a 
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diameter of 5 urn or less should be 20% or less, and preferably 1 0% or less. On the other hand, the content of particles 
with a diameter of 100 u.m or more should be 10% or less, and preferably 5% or less. Moreover, the particle size 
distribution represented by In (D90/D10), wherein D90 is a particle size of 90% of the integrated particle size and D10 
is a particle size of 10% of the integrated particle size, is 3 or less, and preferably 2 or less. 

[0022] Methods of producing such spherical dialkoxy magnesium are described in, for example, JP-A No. 
41832/1983, JP-A No. 51633/1987, JP-A No. 74341/1991 , JP-A No. 368391/1992, and JP.A No. 73388/1996. 
[0023] The tetravalent titanium halide compound (b) used for preparing the component (A1 ) in the present invention 
is one or more compounds selected from titanium halides and alkoxy titanium halides of the formula Ti(OR 16 ) n X4_ n , 
wherein R 16 indicates an alkyl group having 1 -4 carbon atoms, X is a halogen atom such as a chlorine atom, bromine 
atom, or iodine atom, and n is an integer of 0-4. 

[0024] Specific examples include, as titanium halides, titanium tetrahaiides such as titanium tetrachloride, titanium 
tetrabromide, and titanium tetraiodide and, as alkoxytitanium halides, methoxytitanium trichloride, ethoxytitanium 
trichloride, propoxytitanium trichloride, n-butoxytitanium trichloride, dimethoxytitanium dichloride, diethoxytitanium 
dichloride, dipropoxytitanium dichloride, di-n-butoxytitanium dichloride, trimethoxytitanium chloride, triethoxytitanium 
chloride, tripropoxytitanium chloride, and tri-n-butoxy titanium chloride. Of these, titanium tetrahaiides are preferable, 
with titanium tetrachloride being particularly preferable. These titanium compounds may be used either individually or 
in combination of two or more. 

[0025] The electron donor compound (c) used for preparing the solid catalyst component (A1 ) in the present invention 
is a malonic acid diester, halogen substituted malonic acid diester, alkyl substituted maionic acid diester, or haloalkyl 
substituted malonic acid diester represented by the above-described formula (1 ). 

[0026] When R1 or R2 j n the formula (1 ) is a halogen atom, a chlorine atom, bromine atom, and iodine atom can be 
given as the halogen atom. Of these, a chlorine atom and bromine atom are preferable. In the above formula, R 1 and 
R 2 are preferably a branched alkyl group having 3-10 carbon atoms including one or more secondary, tertiary, or 
quaternary carbon atoms, particularly preferably an isobutyl group, t-butyl group, isopentyl group, or neopentyl group. 
As R 3 which is a carbonyl ester residue of the above formula (1), alkyl groups, particularly linear or branched alkyl 
groups having 1-8 carbon atoms such as an ethyl group, propyl group, isopropyl group, butyl group, isobutyl group, t- 
butyl group, pentyl group, isopentyl group, and neopentyl group, are preferable. 

[0027] As specific examples of the malonic acid diester, diethyl malonate, dipropyl malonate, dibutyl malonate, di- 
isobutyl malonate, dipentyl malonate, and dineopentyl malonate can be given. 

[0028] As specific examples of the halogen-substituted malonic acid diester, diethyl chloromalonate, diethyl dichlo- 
romalonate, diethyl bromomalonate, diethyl dibromomalonate, dipropyl chloromalonate, dipropyl dichloromalonate, 
dipropyl bromomalonate, dipropyl dibromomalonate, dibutyl chloromalonate, dibutyl dichloromalonate, dibutyl bro- 
momalonate, dibutyl dibromomalonate, diisobutyl chloromalonate, diisobutyl dichloromalonate, diisobutyl bromoma- 
lonate, diisobutyl dibromomalonate, dipentyl chloromalonate, dipentyl dichloromalonate, dipentyl bromomalonate, 
dipentyl dibromomalonate, dineopentyl chloromalonate, dineopentyl dichloromalonate, dineopentyl bromomalonate! 
dineopentyl dibromomalonate, diisooctyl chloromalonate, diisooctyl dichloromalonate, diisooctyl bromomalonate, and 
diisooctyl dibromomalonate can be given. 

[0029] As specific examples of the alkyl- and halogen-substituted malonic acid diester, dibutyl ethylchloromalonate, 
dibutyl ethylbromomalonate, dibutyl isopropylchloromalonate, dibutyl isopropylbromomalonate, diisobutyl isopro- 
pylchloromalonate, diisobutyl isopropylbromomalonate, dineopentyl isopropylchloromalonate, dineopentyl isopropyl- 
bromomalonate, diethyl butylchloromalonate, diethyl butyl bromomalonate, diethyl isobutylchloromalonate, and diethyl 
isobutylbromomalonate can be given. 

[0030] As specific examples of the alkyl-substituted malonic acid diester, diethyl diisopropylmalonate, dipropyl diiso- 
propylmalonate, diisopropyl diisopropylmalonate, dibutyl diisopropylmalonate, diisobutyl diisopropylmalonate, dineo- 
pentyl diisopropylmalonate, diethyl diisobutylmalonate, dipropyl diisobutylmalonate, diisopropyl diisobutylmalonate, 
dibutyl diisobutylmalonate, diisobutyl diisobutylmalonate, dineopentyl diisobutylmalonate, diethyl diisopentylmalonate, 
dipropyl diisopentylmalonate, diisopropyl diisopentylmalonate, dibutyl diisopentylmalonate, diisobutyl diisopentyl- 
malonate, dineopentyl diisopentylmalonate, diethyl isopropylisobutylmalonate, dipropyl isopropylisobutylmalonate, di- 
isopropyl isopropylisobutylmalonate, dibutyl isopropylisobutylmalonate, diisobutyl isopropylisobutylmalonate, dineo- 
pentyl isopropylisobutylmalonate, dimethyl isopropylisopentylmalonate, diethyl isopropylisopentylmalonate, dipropyl 
isopropylisopentylmalonate, diisopropyl isopropylisopentylmalonate, dipropyl isopropylisopentylmalonate, diisobutyl 
isopropylisopentylmalonate, and dineopentyl isopropylisopentylmalonate can be given. 

[0031] As specific examples of the haloalkyl -substituted malonic acid diester, diethyl bis(chloromethyl)malonate, di- 
ethyl bis(bromomethyl)malonate, diethyl bis{chloroethyl)malonate, diethyl bis(bromoethyl)malonate, diethyl bis(3-chlo~ 
ro-n-propyl)malonate, and diethyl bis(3-bromo-n-propyl)malonate can be given. Among these electron donor com- 
pounds, diethyl isopropylbromomalonate, diethyl butylbromomalonate, diethyl isobutylbromomalonate, diethyl diiso- 
propylmalonate, diethyl dibutylmalonate, diethyl diisobutylmalonate, diethyl diisopentylmalonate, diethyl isopropyl- 
isobutylmalonate, dimethyl isopropylisopentylmalonate, diethyl (3-chloro-n-propyl)malonate, and diethyl bis(3-bromo- 
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n-propyl)malonate are preferable. The above compounds may be used either individually or in combination of two or 
more as the component (c). 

[0032] In the solid catalyst component (A1 ) of the present invention, if the above-mentioned malonic acid diesters 
or the substituted malonic acid diesters are used as the electron donor compound for preparing the solid catalyst 
component, high activity and excellent catalyst activity to hydrogen can be ensured and a polymer with high stereoreg- 
ularity can be produced in a high yield without using an aromatic ester compound. In addition, environmental problems 
related to safety, health, and the like can be overcome. 

[0033] Moreover, if an electron donor compound (e) of the above-described general formula (2) is used in combination 
with the electron donor compound (c) in the solid catalyst component (A1 ), catalyst activity to hydrogen can be improved 
even more and a highly streoregular polymer containing only a slight amount of fine powders and having a uniform 
particle size distribution can be produced in a high yield. 

[0034] The electron donor compound (e) represented by the above-described formula (2) is a phthalic acid diester, 
halogen-substituted phthalic acid diester, alkyl-substituted phthalic acid diester, haloalkyl substituted phthalic acid di- 
ester, or the like. 

[0035] Specific examples of the phthalic acid diester include the following compounds: dimethyl phthalate, diethyl 
phthalate di-n-propyl phthalate, diisopropyl phthalate, di-n-butyl phthalate, diisobutyl phthalate, ethylmethyl phthalate, 
methyl(isopropyl) phthalate, ethyl(n -propyl) phthalate, ethyl(n-butyl) phthalate, ethyl(isobutyl) phthalate, di-n-pentyl 
phthalate, diisopentyl phthalate, dineopentyl phthalate, dihexyl phthalate, di-n-heptyl phthalate, di-n-octyl phthalate, 
bis(2,2-dimethylhexyl) phthalate, bis(2-ethylhexyl) phthalate, di-n-nonyl phthalate, diisodecyl phthalate, bis 
(2,2-dimethylheptyl) phthalate, n-butyl(isohexyl) phthalate, n-butyl(2-ethylhexyl) phthalate, n-pentylhexyl phthalate, n- 
pentyl(isohexyl) phthalate, isopentyl(heptyl) phthalate, n-pentyl(2-ethylhexy!) phthalate, n-pentyl(isononyl) phthalate, 
isopentyl(n-decyl) phthalate, n-pentylundecyl phthalate, isopentyl(isohexyl) phthalate, n-hexyl (2,2-dimethylhexyl) 
phthalate, n-hexyl(2-ethylhexyl) phthalate, n-hexyl(isononyl) phthalate, n-hexyl(n-decyl) phthalate, n-heptyl(2-ethyl- 
hexyl) phthalate, n-heptyl(isononyl) phthalate, n-heptyl(neodecyl) phthalate, and 2-ethylhexyl(isononyl) phthalate. One 
or more of these compounds can be used. 

[0036] In the formula (2) for the phthalic acid diester, given as specific examples of the alkyl group having 1 -8 carbon 
atoms represented by R 4 are a methyl group, ethyl group, n-propyl group, isopropyl group, n-butyl group, isobutyl 
group, t-butyl group, n-pentyl group, isopentyl group, neopentyl group, n-hexyl group, isohexyl group, 2,2-dimethylbutyl 
group, 2,2-dimethylpentyl group, Isooctyl group, and 2,2-dimethylhexyl group. As the halogen atom represented by 
r4 a fluorine atom, chlorine atom, bromine atom, and iodine atom can be given. Of these, a methyl group, a bromine 
atom, and a fluorine atom are preferable for R 4 , with a methyl group and a bromine atom being particularly preferable. 
[0037] The groups represented by R 5 or R 6 in the formula (2) include a methyl group, ethyl group, n-propyl group, 
isopropyl group, n-butyl group, isobutyl group, t-butyl group, n-pentyl group, isopentyl group, neopentyl group, n-hexyl 
group, isohexyl group, 2,2-dimethylbutyl group, 2,2-dimethylpentyl group, isooctyl group, 2,2-dimethylhexyl group, n- 
nonyl'group, isononyl group, n-decyl group, isodecyl group, and n-dodecyl group. Of these, an ethyl group, n-butyl 
group, isobutyl group, t-butyl group, neopentyl group, isohexyl group, and isooctyl group are preferable, with an ethyl 
group', n-butyl group, and neopentyl group, being particularly preferable. 1 , which indicates the number of the substit- 
uent R 4 , is 1 or 2, provided that when 1 is 2, the two R 4 groups may be either the same or different. When 1 = 1 , R 
replaces the hydrogen atom at the 3, 4, or 5 position of the phthalic acid diester derivative of the formula (2), and when 
1 = 2, R 4 replaces the hydrogen atoms at the 4 and 5 positions. 

[0038] As examples of the substituted phthalic acid diester of the formula (2), diethyl 4-methyl phthalate, di-n-butyl 
4-methylphthalate, diisobutyl 4-methylphthalate, dineopentyl 4-bromophthalate, diethyl 4-bromophthalate, di-n-butyl 
4-bromophthalate, diisobutyl 4-bromophthalate, dineopentyl 4-methylphthalate, dineopentyl 4,5-dimethylphthalate, di- 
neopentyl 4-methylphthalate, dineopentyl 4-ethylphthaIate, t-butyl neopentyl 4-methylphthalate, t-butylneopentyl 
4-ethylphthalate, dineopentyl 4,5-dimethylphthalate, dineopentyl 4,5-diethylphthalate, t-butylneopentyl 4,5-dimethyl- 
phthalate, t-butylneopentyl 4,5-diethylphthalate, dineopentyl 3 -fluorophthalate, dineopentyl 3^chlorophthalate, dineo- 
pentyl 4-chlorophthalate, and dineopentyl 4-bromophthalate can be given. 

[0039] The above ester compounds are preferably used in combination of two or more. In this instance, the esters 
are preferably combined so that the total carbon atom number in the alkyl group possessed by one ester may differ 
four or more from that possessed by another ester. 

[0040] In the solid catalyst component (A1 ) of the present invention, if the phthalic acid diester or substituted phthalic 
acid diester is used together with the above-mentioned malonic acid diester or substituted malonic acid diester as 
electron donor compounds, higher catalytic activity to hydrogen can be ensured and a polymer with higher stereoreg- 
ularity containing only a slight amount of fine powders and having uniform particle distribution can be produced in a 
high yield as compared with the case in which either of the electron donor compounds is used alone. 
[0041] Moreover, if an electron donor compound (f) of the above formula (3) is used in combination with the electron 
donor compound (c) in the solid catalyst component (A1) of the present invention, catalytic activity to hydrogen can 
be improved even more while maintaining the high stereoregularity and the high yield of the polymer. 
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[0042] The electron donor compound (f) represented by the above-described formula (3) is preferably a maleic acid 
diester, halogen-substituted maleic acid diester, alkyl-substituted maleic acid diester, or haloalkyl-substituted maleic 
acid diester. 

[0043] In the maleic acid diester and substituted maleic acid diester represented by the formula (3), the groups 
represented by R 9 or R 10 in the formula (3) include a methyl group, ethyl group, n-ptopyl group, isopropyl group, n- 
butyl group, isobutyl group, t-butyl group, n-pentyl group, isopentyi group, neopentyl group, n-hexyl group, isohexyl 
group, 2,2-dimethylbutyl group, 2,2-dimethylpentyl group, isooctyl group, 2,2-dimethylhexyl group, n-nonyl group, iso- 
nonyl group, n-decyl group, isodecyl group, and n-dodecyl group. Of these, an ethyl group, n-butyl group, isobutyl 
group, t-butyl group, neopentyl group, isohexyl group, and isooctyl group are preferable, with an ethyl group, and n- 
butyl group, neopentyl group, being particularly preferable. 

[0044] In the substituted maleic acid diester represented by the formula (3), given as specific examples of the alkyl 
group having 1-8 carbon atoms represented by R 7 or R 8 are a methyl group, ethyl group, n-propyl group, isopropyl 
group, n-butyl group, isobutyl group, t-butyl group, n-pentyl group, isopentyi group, neopentyl group, n-hexyl group, 
isohexyl group, 2,2-dimethylbutyl group, 2,2-dimethylpentyl group, isooctyl group, and 2,2-dimethylhexyl group. As 
halogen atoms for R 7 or R 8 , a fluorine atom, chlorine atom, bromine atom, and iodine atom can be given. Of these, a 
methyl group, an ethyl group, a bromine atom, and a fluorine atom are preferable for R 7 and R 8 with a methyl group 
and an ethyl group being particularly preferable. 

[0045] Specific examples of the maleic acid diester, which is the compound of the formula (3) with both R 7 and R 8 
hydrogen atoms, include dimethyl maieate, diethyl maleate, di-n-propyl maleate, diisopropyl maleate, di-n-butyl 
maleate, diisobutyl maleate, ethylmethyl maleate, methyl (isopropyl) maleate, ethyl (n -propyl) maleate, ethyl (n-butyl) 
maleate, ethyl (isobutyl) maleate, di-n-pentyl maleate, diisopentyl maleate, dineopentyl maleate, dihexyl maleate, di- 
n-heptyl maleate, di-n-octyl maleate, bis (2,2-dimethylhexyl) maleate, bis(2-ethylhexyl) maleate, di-n-nonyl maleate, 
diisodecyl maleate, bis(2,2-dimethylheptyl) maleate, n-butyl(isohexyl) maleate, n-butyl(2-ethylhexyl) maleate, n-pentyl- 
hexyl maleate, n-pentyl(isohexyl) maleate, isopentyl(heptyl) maleate, n-pentyl (2-ethylhexy I) maleate, n-pentyl(isono- 
nyl) maleate, isopentyi (n-decyl) maleate, n-pentylundecyl maleate, isopentyl(isohexyl) maleate, n-hexyl(2,2-dimethyl- 
hexyl) maleate, n-hexyl(2-ethylhexyl) maleate, n-hexyl(isononyl) maleate, n-hexyl(n-decyl) maleate, n-heptyl(2-ethyl- 
hexyl) maleate, n-heptyl(isononyl) maleate, n-heptyl(neodecyl) maleate, and 2-ethylhexyl(isononyl) maleate. Of these, 
diethyl maleate and di-n-butyl maleate are preferable. One or more of these compounds can be used. 
[0046] As examples of the halogen-substituted maleic acid diester represented by the formula (3), specifically the 
compound of the formula (3) in which both R 7 and R 8 are halogen atoms or either R 7 or R 8 is a halogen atom and the 
other is a hydrogen atom, diethyl 1 -chloromaleate, di-n-butyl 1 -chloromaleate, diethyl 1-bromodichloromaleate, di-n- 
butyl 1-bromomaleate, diethyl 1 ,2-dichloromaleate, di-n-butyl 1 ,2-dichloromaleate, diethyl 1,2-dibromochloromaleate, 
and di-n-butyl 1 ,2-dibromomaleate can be given. 

[0047] As examples of the alkyl-substituted maleic acid diester represented by the formula (3), specifically the com- 
pound of the formula (3) wherein both the R 7 and R 8 groups are alkyl groups, diethyl 1 ,2-dimethylmaleate, di-n-butyl 
1 ,2-dimethylmaleate, diethyl 1 ,2-diethylmaleate, and di-n-butyl 1 ,2-diethylmaleate can be given. 
[0048] As examples of the haloalkyl substituted maleic acid diester represented by the formula (3), specifically the 
compound of the formula (3) with both R 7 and R 8 being haloalkyl groups, diethyl 1 ,2-bis(chloromethyl)maleate, di-n- 
butyl 1 ,2-bis(chloromethyl)methylmaleate, diethyl 1 ,2-bis(chloromethyl)ethylmaleate, and di-n-butyl 1 ,2-bis(chlorome- 
thyl)ethylmaleate can be given. 

[0049] These electron donor compounds (f) represented by the formula (3) can be used either individually or in 
combination of two or more. 

[0050] In the solid catalyst component (A1) of the present invention, if the electron donor compound (f) is used in 
combination with the electron donor compound (c) as the electron donor compound for preparing the solid catalyst 
component, higher catalytic activity to hydrogen can be ensured while maintaining high stereoregularity and high yield 
of the polymer as compared with the case in which each of these electron donor compounds are used independently. 
In addition, environmental problems related to safety, health and the like can be overcome due to capability of these 
electron donors of improving the catalyst activity to hydrogen without using an aromatic ester compound. 
[0051] In addition to the above components, a siloxane (g) is preferably used for preparing the solid catalyst com- 
ponent (A1) to improve stereoregularity of the polymer while maintaining high catalytic activity to hydrogen. 
[0052] The siloxane (g) is a compound having a siloxane bond (-Si-O-bond) in the main chain. Examples include 
disiloxanes such as an alkyl disiloxane, halogen-substituted alkyl disiloxane, 1 ,3-dihaloalkyl disiloxane, and 1 ,3-diha- 
lophenyl disiloxane, and polysiloxanes. Polysiloxanes are polymers generally referred to as silicone oil. The polysi- 
loxanes used in the present invention are chain-structured, partially hydrogenated, cyclic, or denatured polysiloxanes 
which are liquid or viscous at normal temperatures with a viscosity at 25°C in the range of 0.02-100 cm 2 /s (2-10,000 
cSt), and preferably in the range of 0.03-5 crrP/s (3-500 cSt). 

[0053] As specific examples of the disiloxanes, hexamethyldisiloxane, hexaethyldisiloxane, hexapropyldisiloxane, 
hexaphenyldisiloxane, 1 ,3-divinyltetramethyldisiloxane, 1 ,3-dichlorotetramethyldisiloxane, 1 ,3-dibromotetramethyldis- 
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iloxane. chloromethylpentamethyldisiloxane, and 1 .a-bisfchloromethyOtetramethyldisiloxane can be given. As specific 
examples of the trisiloxanes, tetrasiloxanes, or pentasiloxanes, 1 ,5-dichiorohexamethyltrisiloxane, 1 ,7-dichlorooctam- 
ethyltetrasiloxane, 1 ,5-dibromohexamethyltrisiloxane, 1 J-dibromooctamethyltetras iloxane, 3-chloromethylheptame- 
thyltrisiloxane, 3,5-bis(chloromethyi)octamethyltetrasiloxane, S.S.y-trisCchloromethyOnonamethylpentasiloxane, 
3-bromomethylheptamethyltrisiloxane, a.S-bistbromomethyOoctamethyltetrasiloxane, and 3,5,7-tris(bromomethyl) 
nonamethylpentasiloxane can be given. Of these, 1 ,7-dlchlorooctamethyltetrasiloxane is particularly preferable. 
[0054] As examples of the chain-structured polysiloxanes, dimethylpolysiloxane, methylphenylpolysiloxane, dichlo- 
ropolysiloxane, and dibromopolysiloxanecan be given; as examples of the partially hydrogenated polysiloxanes, methyl 
hydrogen polysiloxanes with a hydrogenation degree of 1 0 to 80% can be given; as examples of the cyclic polysiloxanes, 
hexamethylcyclotrisiloxane, octamethylcyclotetrasiloxane, decamethylcyclopentasiloxane, 2,4,6-trimethylcyclotrisi- 
loxane 2 4 6 8-tetramethylcyclotetrasiloxane can be given; as examples of the modified polysiloxane, higher fatty acid 
group-substituted dimethylsiloxane, epoxy group-substituted dimethylsiloxane, and polyoxyalkylene group-substituted 
dimethylsiloxane can be given. Of these, decamethylcyclopentasiloxane and dimethytpolysiioxane are preferable, wrth 
decamethylcyclopentasiloxane being particularly preferable. These electron donor compounds (g) can be used either 
individually or in combination of two or more. 

[0055] In the present invention, the solid catalyst component (A1) is prepared by suspension contact of the raw 
materials in an aromatic hydrocarbon compound (d) with a boiling point of 50-1 50°C. As the aromatic hydrocarbon 
with a boiling point of 50-1 50°C, toluene, xylene, and ethylbenzene are preferably used. These aromatic hydrocarbons 
can be used either individually or in combination of two or more. Use of a saturated hydrocarbon compound or the like 
other than the aromatic hydrocarbons with a boiling point of 50-1 50*C lowers solubility of impurities during reaction or 
washing, giving rise to a decrease in catalytic activity of the resulting solid catalyst component and stereoregularity of 
the resulting polymer. 

[0056] The magnesium compounds (hereinafter referred to from time to time simply as ' component (a2) ) used for 
preparing the solid catalyst component (A2) (hereinafter referred to from time to time simply as "component (A2) M ) for 
polymerization of olefins in the present invention include magnesium dihatide, dialkyi magnesium, alkylmagnesium 
halide dialkoxy magnesium, diaryloxy magnesium, alkoxy magnesium halide, and fatty acid magnesium. Among these 
magnesium compounds, a dialkoxy magnesium compound is preferred. Specific examples include those descnbed in 
connection with the preparation of the solid catalyst component (A1). 

[0057] The same compounds as used for preparing the solid catalyst component (A1), including (b) the tetravalent 
titanium halide, (c) the electron donor compound of the formula (1 ), and (e) the electron donor compound of the formula 
(2) can be used for preparing the solid catalyst component (A2). 

[0058] The same magnesium compound (a2) used for preparing the solid catalyst component (A2) can be used for 
preparing the solid catalyst component (A3) of the present invention. As to (b) the tetravalent titanium halide, (c) the 
electron donor compound of the formula (1), and (f) the electron donor compound of the formula (2), the same com- 
pounds as used for preparing the solid catalyst component (A1 ) can be used for preparing the solid catalyst component 
(A3). 

[0059] In addition to the above components, a siloxane (g) is preferably used for preparing the solid catalyst com- 
ponents (A2) and (A3) to improve stereoregularity of the polymer while maintaining high catalyst activity to hydrogen. 
[0060] The same magnesium compound (a2) used for preparing the solid catalyst component (A2) can be used for 
preparing the solid catalyst component (A4) of the present invention. As to (b) the tetravalent titanium halide, (c) the 
electron donor compound of the formula (1), and (g) the siloxane of the formula (2), the same compounds as used for 
preparing the solid catalyst component (A1 ) can be used for preparing the solid catalyst component (A4). 
[0061] The solid catalyst components (A2) and (A3) are preferably prepared using a suspension of the components 
in an aromatic hydrocarbon compound (d) used for preparing the solid catalyst component (A1). Use of the aromatic 
hydrocarbon compound (d) can improve catalyst activity and stereoregularity of the polymer. 

[0062] In preparing the solid catalyst components (A1), (A2), and (A3), these components are caused to contact 
each other in a vessel equipped with a stirrer in an inert gas atmosphere from which water and the like have been 
removed wh ile stirring. When the components contact one another by stirring for preparing the mixture or are dispersed 
or suspended for a denaturing treatment, the components may be stirred at a comparatively low temperature of around 
room temperature. When a reaction product is to be obtained by reacting the components after the contact, the mixture 
is preferably stirred in the temperature range of 40-1 30°C. The reaction does not sufficiently proceed at a reaction 
temperature below 40°C, resulting in a solid component with inadequate properties. On the other hand, control of the 
reaction becomes difficult at a temperature above 130°C due to vaporization of the solvent and the like. The reaction 
time is one minute or more, preferably ten minutes or more, and still more preferably 30 minutes or more. 
[0063] The following examples are given as the order of contacting the components one another in preparing the 
solid catalyst component (A1) of the present invention. 

(i) (ai ) (d) (b) -> (c) -^intermediate washing -> (d) -> (b)» -> final washing -> solid catalyst component (A1 ) 
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(2) (a1 ) -> (d) -> (c) -> (b) -> intermediate washing -> (d) -> (b)»-> final washing -> solid catalyst component {A1 ) 

(3) (a1 ) -> (d) (b) (c) -> intermediate washing -> (d) (b) -* (c) final washing -> solid catalyst component 
(A1) 

(4) (a1 ) -» (d) -> (b) -> (c) -> - intermediate washing (d) -> (c) -> (b) final washing -> solid catalyst component 
(A1) 

(5) (a1 ) -» (d) -» (c) -> (b) -> « intermediate washing -> (d) -> (b) -> (c) »-> final washing -» solid catalyst component 
(A1) 

(6) (a1 ) -> (d) -> (c) -> (b) -intermediate washing -> (d) -> (c) -> (b) » -> final washing -> solid catalyst component 
(A1 ) 

The following examples are given as the order of contacting the components one another in preparing the 
solid catalyst component (A2) of the present invention. 

(7) (a2) -> (d) -> (b) -> (c) + (e) -intermediate washing -> (d) -> (b) »-> final washing -> solid catalyst component 
(A2) 

(8) (a2) ~> (d) -> (c) + (e) -> (b) -> * intermediate washing ~> (d) (b) »-> final washing -> solid catalyst component 
(A2) 

(9) (a2) -» (d) (b) -> (c) + (e) -intermediate washing (d) (b) (c) + (e) »-> final washing -> solid catalyst 
component (A2) 

(10) (a2) -> (d) -> (b) -4 (c) + (e) -intermediate washing -> (d) -> (c) + (e) -> (b) »-> final washing -> solid 
catalyst component (A2) 

(11) (a2) -> (d) -» (c) + (e) (b) -intermediate washing -> (d) -» (b) (c) + (e) »-> final washing -> solid 
catalyst component (A2) 

(12) (a2) -> (d) -> (c) + (e) -> (b) -> -intermediate washing -> (d) -> (c) + (e) -» (b) final washing -> solid 
catalyst component (A2) 

(13) (a2) -» (d) -> (e) -> (b) -> (c) -> -intermediate washing -> (d) -> (b) »-» final washing solid catalyst com- 
ponent (A2) 

(14) (a2) -> (d) -> (e) (b) -> (c) -> -intermediate washing -> (d) (b) + (c) » -> final washing -> solid catalyst 
component (A2) 

(15) (a2) -> (d) ^ (e) -> (b) (c) -> -intermediate washing -> (d) -> (b) + (e) »-> final washing -> solid catalyst 
component (A2) 

(16) (a2) -> (d) -> (e) (b) -> (c) -> -intennediate washing -> (d) -> (b) + (c) + (e) »-> final washing -> solid 
catalyst component (A2) 

[0064] The following examples are given more specifically as the preferable order of contacting the components one 
another for preparing the solid catalyst component (A3) of the present invention. 

(1 7) (a2) -> (d) -> (b) -> (c) + (f) -> -intermediate washing -> (d) -> (b) »-> final washing -» solid catalyst component 
(A3) 

(18) (a2) (d) -+ (c) + (f) -> (b) -> -intermediate washing -> (d) (b) »-> final washing -> solid catalyst component 
(A3) 

(19) (a2) -> (d) (b) -> (c) + (f) -> -intermediate washing (d) -> (b) (c) + (f) »-> final washing -> solid catalyst 
component (A3) 

(20) (a2) -> (d) -> (b) -> (c) + (f) -> "intermediate washing -> (d) (c) + (f) -> (b) »-> final washing -> solid catalyst 
component (A3) 

(21) (a2) -> (d) -> (c) + (f) -> (b) -> -intermediate washing -> (e) -> (b) -> (c) + (f) »-> final washing -> solid catalyst 
component (A3) 

(22) (a2) -» (d) -> (c) + (f) -> (b) -intermediate washing -> (d) -> (c) + (f) -> (b) »-> final washing -> solid catalyst 
component (A3) 

(A3) (a2) ^ ^ ~* ^ ~~* ^ ~^ ~* < * intermediate wasnin 9 < d ) ( b ) »-* f lnai washing solid catalyst component 

(24) (a2) -> (d) -> (f) -> (b) (c) -> -intermediate washing -> (d) -> (b) + (c) »-> final washing -* solid catalyst 
component (A3) 

(25) (a2) (d) -> (f) -> (b) (c) -> -intermediate washing (e) -> (b) + (d) final washing ^ solid catalyst 
component (A3) 

(26) (a2) -> (e) ~> (d) -> (b) -> (c) - intermediate washing (d) -> (b) + (c) + (0 »-> final washing -> solid catalyst 
component (A3) 

(27) (a2) (c) + (f) + (d) (b) -> -intermediate washing -> (b) + (d) - -> final washing solid catalyst component 
(A3) 

(28) (a2) -> (c) + (f) + (d) -> (b) -> -intermediate washing -> (d) (b) »-> final washing -> solid catalyst component 
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(A3) 

(29) (a2) (c) + (f) + (d) -> (b) -> -intermediate washing -> (b) + (d) -> (c) + (f) »- > final washing solid catalyst 
component (A3) li , , 

(30) (a2) -> (c) + (f) + (d) (b) -intermediate washing -h> (d) -> (b) (c) + (f) » final washing solid catalyst 

component (A3) 

The following examples are given more specifically as the preferable order of contacting the components one 
another for preparing the solid catalyst component (A4) of the present invention. 

(31) (a2) ^ (d) -> (b) -> (c) -> (g) -> -intermediate washing (d) (b) »-> final washing -> solid catalyst com- 
ponent (A4) f ... ^ , 4 

(32) (a2) -> (d) -> (c) -> (b) -> (g) -intermediate washing -> (d) -> (b) »-> final washing -> sohd catalyst com- 
ponent (A4) v . . 

(33) (a2) ^ (d) -> (b) (c) (g) -> -intermediate washing -> (d) -> (b) (c) »-» final washing -> solid catalyst 

component (A4) 

(34) (a2) -» (d) -* (b) -> (c) -> (g) -> -intermediate washing -> (d) -> (c) -> (b) »-> final washing -> solid catalyst 
component (A4) 

(35) (a2) -> (d) -» (c) -> (b) -> (g) -> -intermediate washing -> (d) -> (b) (c) *-> final washing -+ solid catalyst 
component (A4) 

(36) (a2) (d) (c) -> (b) -> (g) -intermediate washing -> (d) -> (c) -> (b) final washing -> solid catalyst 
component (A4) 

(37) (a2) -> (c) + (d) -> (b) -> (g) -> -intermediate washing -> (d) -» (b) »-> final washing -» solid catalyst component 
(A4) 

(38) (a2) -> (c) + (d) -» (b) -> (g) -> -intermediate washing -> (b) + (d) »-» final washing -> solid catalyst component 
(A4) 

(39) (a2) -> (c) + (d) -» (b) -> (g) -> -intermediate washing -> (b) + (d) ^ (c)+ (e) final washing -> solid catalyst 
component (A4) 

(40) (a2) -> (c) + (d) -> (b) -> (g) -> -intermediate washing -> (d) ^ (b) -* (c) + (e) »-> final washing -> solid 
catalyst component (A4) 

[0065] In the above methods of contacting the components one another for the solid catalyst components (A1 ) to 
(A4) catalytic activity can be further improved if the steps in the double parentheses in the above processes of contact 
are repeated several times, if required. The components (b) and (d) used in the steps in the double parentheses may 
be either newly added components or residues from the previous steps. In addition to the washing steps indicated in 
the above processes, the intermediate products in any of the above contact steps may be washed with a hydrocarbon 
compound which is liquid at normal temperatures. 

[0066] Based on the above description, a particularly preferable process for preparing the solid catalyst components 
(A1) to (A4) comprises suspending the dialkoxy magnesium compound (a1) or magnesium compound (a2) in the ar- 
omatic hydrocarbon (d) having a boiling point in the range of 50-1 50°C. causing the tetravalent titanium halide (b) to 
come into contact with the suspension, and reacting the mixture. In the above process, one or more electron donor 
compounds (c) and/or an electron donor compound (e), an electron donor compound (f), or a siloxane (g) are caused 
to come in contact with the suspension at a temperature from -20°C to 130°C, either before or after the tetravalent 
titanium halide (b) is caused to contact the suspension, to obtain a solid reaction product (1) . In this instance, it is 
desirable to carry out an aging reaction at a low temperature either before or after the electron donor compounds are 
caused to contact the suspension. After washing the solid reaction product (1) with a hydrocarbon compound which 
is liquid at normal temperatures (intermediate washing), the tetravalent titanium halide (b) is again caused to contact 
the solid reaction product (1) in the presence of an aromatic hydrocarbon compound at a temperature of -20°C to 
100°C to obtain a solid reaction product (2). As required, the intermediate washing and the reaction may be further 
repeated several times. Next, the solid reaction product (2) is washed with a hydrocarbon compound which is liquid at 
normal temperatures (final washing) to obtain the solid catalyst component. 
[0067] Preferable conditions of the above reactions and washing operations are as follows. 

. Low temperature aging reaction: -20*C to 70°C, preferably -1 0°C to 60<>C, and more preferably 0°C to 30°C, for 
1 minute to 6 hours, preferably 5 minutes to 4 hours, and particularly preferably 10 minutes to 3 hours. 

. Reaction: 0°C to 130°C, preferably 40°C to120°C, and particularly preferably 50°C to 115°C, for 0.5 to 6 hours, 
preferably 0.5 to 5 hours, and particularly preferably 1 to 4 hours. 

. Washing: at 0°C to 1 1 0°C, preferably 30°C to 1 00°C, and particularly preferably 30°C to 90°C, from 1 to 20 times, 
preferably 1 to 15 times, and particularly preferably 1 to 10 times. Hydrocarbons used for washing are preferably 
aromatic hydrocarbons or saturated hydrocarbons which are liquid at normal temperatures. Specific examples 
include aromatic hydrocarbons such as toluene, xylene, and ethylbenzene, and saturated hydrocarbons such as 
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hexane t heptane, and cyclohexane. The aromatic hydrocarbons are preferably used for the intermediate washing, 
whereas the saturated hydrocarbons are preferably used for the final washing. 

[0068] The ratio of the compounds used for preparing the solid catalyst components (A1 ) to (A4) cannot be generically 
defined, because such a ratio varies according to the process employed. For example, the tetravalent titanium halide 
(b) is used in an amount of 0.5 to 100 mols, preferably 0.5 to 50 mols, still more preferably 1 to 10 mols; the electron 
donor compound (c) is used in an amount of 0.01 to 10 mols, preferably 0.01 to 1 mol, and still more preferably 0.02 
to 0.6 mol; the aromatic hydrocarbon (d) are used in an amount of 0.001 to 500 mols, preferably 0.001 to 100 mols, 
and still more preferably 0.005 to 10 mols; the electron donor compound (e) is used in an amount of 0.01 to 10 mols, 
preferably 0.01 to 1 mol, and still more preferably 0.02 to 0.6 mol; the electron donor compound (f) is used in an amount 
of 0.01 to 10 mols, preferably 0.01 to 1 mol, and still more preferably 0.02 to 0.6 mol; the siloxane compound (g) is 
used in an amount of 0.01 to 100 g, preferably 0.05 to 80 g, and still more preferably 1 to 50 g for one mol of the 
dialkoxy magnesium (a1 ) or magnesium compound (a2). 

[0069] There are no specific limitations to the amount of titanium, magnesium, halogen atoms, and electron donor 
compounds in the solid catalyst component (A1) of the present invention. The content of titanium is 1 .8 to 8.0 wt%, 
preferably 2.0 to 8.0 wt%, and still more preferably 3.0 to 8.0 wt%; the content of magnesium is 1 0 to 70 wt%, preferably 
10 to 50 wt%, more preferably 15 to 40 wt%, and particularly preferably 15 to 25 wt%; the content of halogen atoms 
is 20 to 90 wt%, preferably 30 to 85 wt%, more preferably 40 to 80 wt%, and particularly preferably 45 to 75 wt%; and 
the total amount of the electron donor compounds is 0.5 to 30 wt%, preferably 1 to 25 wt%, and particularly preferably 
2 to 20 wt%. To ensure well-balanced comprehensive performance of the solid catalyst component (A1) comprising 
the electron donor compounds and other components of the present invention, it is preferable that the contents of 
titanium, magnesium, halogen atoms, and electron donor compounds be respectively 3-8 wt%, 1 5-25 wt%, 45-75 wt% 
and 2-20 wt%. 

[0070] Compounds represented by the formula R 11 p AIQ 3 . p can be used as the organoaluminum compound (B) for 
preparing the catalyst for polymerization of olefins of the present invention. In the formula, R 11 represents a linear or 
branched alkyl group having 1-4 carbon atoms, Q represents a hydrogen atom or a halogen atom, and p represents 
a real number satisfying the formula 0<p<3. 

[0071] As specific examples of such organoaluminum compounds (B), triethylaluminum, diethylaluminum chloride, 
triisobutylaluminum, diethylaluminum bromide, and diethylaluminum hydride can be given. These compounds may be 
used either individually or in combination of two or more. Triethylaluminum and triisobutylaluminum are preferably used. 
[0072] The same electron donor compounds used for preparing the solid catalyst components can be used as the 
extend electron donor compound (C) (hereinafter referred to as "component (C) B ) for preparing the catalyst for polym- 
erizing olefins of the present invention. Particularly preferable compounds for this purpose are ethers such as 9, 9-bis 
(methoxymethyl) fluorine and 2-isopropyl-2-isopentyl-1 ,3-dimethoxypropane; esters such as methyl benzoate and ethyl 
benzoate; and organosilicon compounds. 

[0073] As the organosilicon compounds, compounds of the above formula (5) can be used. As examples of such 
organosilicon compounds, phenylalkoxysilane, alkylalkoxysilane, phenylalkylalkoxysilane, cycloalkylalkoxysilane, and 
cycloaikylalkylalkoxysilane can be given. 

[0074] The following compounds can be given as specific examples of such organosilicon compounds: trimethyl- 
methoxysilane, trimethylethoxysiiane, tri-n-propylmethoxysilane, tri-n-propylethoxysilane, tri-n-butylmethoxysilane, tri- 
isobutyl methoxysilane, tri-t-butyimethoxysilane, tri-n-butylethoxysilane, tricyclohexylmethoxysilane, tricyclohexy- 
lethoxysilane, cyclohexyldimethylmethoxysilane, cyclohexyldiethylmethoxysilane, cyclohexyldiethylethoxy silane, 
dimethyldimethoxysilane, dimethyldiethoxysilane, di-n-propyldimethoxysilane, diisopropyldimethoxysilane, di-n-pro- 
pyldiethoxysilane, diisopropyldiethoxysilane, di-n-butyldimethoxysilane, diisobutyldimethoxysilane, di-t-butyldimethox- 
ysilane, di-n-butyldiethoxysilane, n-butylmethyldimethoxysilane, bis(2-ethylhexyl)dimethoxysilane, bis(2-ethylhexyl)di- 
ethoxysilane, dicyclopentyldimethoxysilane, dicyclopentyldiethoxysilane, dicyclohexyldimethoxysilane, dicyclohexyldi- 
ethoxysilane, bis(3-methylcyclohexyl)dimethoxysilane, bis(4-methylcyclohexyl)dimethoxysilane, bis(3,5-dimethylcy- 
clohexyl)dimethoxysilane, cyclohexyicyclopentyl dimethoxysilane, cyclohexylcyclopentyldiethoxysilane, cyclohexylcy- 
clopentyldipropoxysilane,3-methylcyclohexylcyclopentyldimethoxysilane,4-methylcyclohexylcyclop 
lane, 3,5-dimethylcyclohexyicyclopentyldimethoxysilane, 3-methylcyclohexylcyclohexyldimethoxysilane, 
4-methylcyclohexylcyclohexyldimethoxysilane, 3,5-dimethylcyclohexylcyclohexyldimethoxysilane, cyclopentylmethyl- 
dimethoxysilane, cyclopentylmethyldiethoxysilane, cycIopentylethyldiethoxysilane,cyclopentyl(isopropyl)dimethoxysi- 
lane, cyclopentyl(isobutyl)dimethoxysilane, cyclohexylmethyldimethoxysilane, cyclohexylmethyldiethoxysilane, cy- 
clohexyfethyldimethoxysilane, cyclohexylethyldiethoxysilane, cyclohexyl(n-propyl)dimethoxysilane, cyclohexyl(iso- 
propyl)dimethoxysilane, cycl ohexyl(n -propyl) diethoxysi lane, cyclohexyl(isobutyl)dimethoxysilane, cyclohexyl(n-butyl) 
diethoxysilane, cyclohexyl(n-pentyl)dimethoxysilane, cyclohexyl(n-pentyl)diethoxysilane, diphenyldimethoxysilane, 
diphenyldiethoxysilane, phenylmethyldimethoxysiiane, phenylmethyldiethoxysilane, phenylethyldimethoxysilane, phe- 
nylethyldiethoxysilane, methyltrimethoxysilane, methyltriethoxysilane, ethyltrimethoxysilane, ethyltriethoxysilane, n- 
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propyltrimethoxysilane, isopropyltrimethoxysilane, n-propyltriethoxysilane, isopropyl triethoxysilane, n-butyltrimethox- 
ysilane isobutyltrimethoxysilane, t-butyltrimethoxysilane. n-butyltriethoxysilane, 2-ethylhexyltrimethoxysilane 2-ethy - 
hexyltriethoxysilane, cyclopentyltrimethoxysilane, cyclopentyltriethoxysilane, cyclohexyltrimethoxysilane, cyclohexyl- 
triethoxysilane, vinyltrimethoxysilane, vinyltriethoxysilane, phenyltrimethoxysilane, phenyltriethoxysilane, tetrameth- 
oxysilane tetraethoxysilane, tetrapropoxysilane, and tetrabutoxysilane. In addition to the organosilicon compound rep- 
resented by the above formula (5), aminosilane compounds such as bis(perhydroquinolino)dimethoxys.lane and bis 
(perhydroisoquinolino)dimethoxysilane can be used. Of these, preferable compounds are di-n-propyl dimethoxysilane, 
diisopropyldimethoxysilane, di-n-butyl dimethoxysilane, diisobutyldimethoxysilane, di-t-butyldimethoxys,lane ,d,-n- 
butyldiethoxysilane, t-butyltrimethoxysilane, dicyclohexyldimethoxysilane, dicyclohexyldiethoxys.lane cycohexyl- 
methyldimethoxysilane, cyclohexylmethyldiethoxysilane, ^ 

lane dicyclopentyldimethoxysilane, dicyclopentyldiethoxysilane, cyclopentylmethyldimethoxysilane, cyclopentylmeth- 
yldiethoxysilane, cyclopentylethyldiethoxysilane, cyclohexylcyclopentyldimethoxysilane, cyclohexylcyclopentyldi- 
ethoxysilane, 3-methylcyclohexylcyclopentyldimethoxysilane, 4-methylcyclohexylcyclopentyldimethoxysilane, and 
3,5-dimethyfcyclohexylcyclopentyl dimethoxysilane. Either one type of these organosilicon compounds (C) or a com- 
bination of two or more types of these compounds can be used in the present invention. 

[00751 The olefin polymerization catalyst of the present invention comprises the above-described component (A), 
component (B), and component (C) for the solid catalyst component for polymerizing olefins. Polymerization or copo- 
lymerization of olefins is carried out in the presence of this catalyst. The olefins, such as ethylene, propylene, 1 -butene, 
1 1 -pentene 4-methyl-1 -pentene, and vinyl cyclohexane can be used either individually or in combination of two or more. 
Of these ethylene, propylene, and 1 -butene can be suitably used. A particularly preferable olefin is propylene. Pro- 
pylene may be copolymerized with other olefins. As the olefins to be copolymerized, ethylene, 1-butene, 1-pentene, 
4-methyl-1 -pentene, vinyl cyclohexane, and the like can be used either individually or in combination of two or more. 
Of these, ethylene and 1-butene can be suitably used. 

[0076] The ratio of the components used is not specifically limited inasmuch as such a ratio does not influence the 
effect of the present invention. Usually, the organoaluminum compound (B) is used in an amount of 1 -2, 000 mols, and 
preferably 50-1 000 mols, per mol of titanium atoms in the solid catalyst component (A). The organoaluminum com- 
pound (C) is used in an amount of 0.002-10 mols, preferably 0.01-2 mols, and particulariy preferably 0.01 -0.5 mol per 

[00771 th AlthougmheoSer of contact of these compositions is not limited, it is desirable to first add the organoaluminum 
compound (B) to the polymerization system, then cause the organosilicon compound (C) to come into contact with the 
organoaluminum compound (B), and causing the solid catalyst component (A) to come into contact with the resulting 

mixture. . . „ . Q _ 

[0078] in the present invention, polymerization can be carried out either in the presence or in the absence of an 
organic solvent. Olefin monomers such as propylene may be used either in a gaseous state or in a liquid state The 
polymerization reaction is preferably carried out at a temperature of 200°C or less, and preferably at 100 C or less, 
under a pressure of 10 MPa or less, and preferably 5 MPa or less. Either a continuous polymerization system or a 
batch polymerization system may be used for the polymerization reaction. In addition, the polymerization can be com- 
pleted either in one step or in two or more steps. j^ m „„ no „t 
[0079] In polymerizing olefins using the olef in polymerization catalyst component (A), component (B), and component 
(C) it is desirable to preliminary polymerize the olefins prior to the main polymerization reaction to improve catalytic 
activity, stereoregularity, properties of the resulting polymer particles, and the like. In addition to the olefins used in the 
main polymerization, monomers such as styrene can be used In the preliminary polymenzation. 
[0080] Although the order of contact of the components and monomers in carrying out the preliminary polymerization 
is not limited, it is desirable to first add the organoaluminum compound (B) to the preliminary polymerization system 
in an inert gas or olefin gas atmosphere, cause the composition (A) for olefin polymerization to come into contact with 
the component (B), and then cause one or more olefins such as propylene to come contact with the mixture. When 
the preliminary polymerization is carried out, it is desirable to first add the component (B) to the preliminary Polymeri- 
zation system in an inert gas or olefin gas atmosphere, cause the olefin polymerization catalyst component (A) for to 
come into contact with the component (B), and then cause one or more olefins such as propylene to come into contact 

min Polymerization of olefins in the presence of the olefin polymerization catalyst prepared by the process of the 
present invention can produce highly stereoregular polymers in a high yield, while exhibiting high activity and excellent 
catalytic activity to hydrogen as compared with the case of polymerization using a conventional catalyst. 

EXAMPLES 

[0082] The present invention will be described in more detail by way of examples, which are explained in comparison 
with comparative examples. 
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Example 1 

Preparation of solid catalyst component (A) 

[0083] A 500 ml round bottom flask equipped with a stirrer, in which the internal atmosphere had been sufficiently 
replaced by nitrogen gas, was charged with 10 g of diethoxymagnesium and 80 ml toluene to prepare a suspension. 
After the addition of 20 mi of titanium tetrachloride, the suspension was heated, and when the temperature increased 
to as high as 80°C, 3.12 ml of diethyl dibutylmalonate was added and the mixture was heated to 110°C. Then, the 
mixture was reacted for one hour while stirring at 1 1 0°C. After the reaction, the resulting reaction mixture was washed 
three times with 1 00 ml of toluene at 90°C. After the addition of 20 ml of titanium tetrachloride and 80 ml of toluene, 
the reaction mixture was heated to 110°C and reacted for one hour while stirring. After the reaction, the resulting 
reaction mixture was washed seven times with 100 mi of n-heptane at 40°C, thereby obtaining a solid catalyst com- 
ponent. The liquid in the solid catalyst component was separated from the solid components. The content of titanium 
in the solid components was determined to confirm that the content was 4.1 wt%. 

(Preparation of polymerization catalyst and polymerization) 

[0084] A 2.0 I autoclave equipped with a stirrer, in which the internal atmosphere had been entirely replaced by 
nitrogen gas, was charged with 1 .32 mmol of triethylaluminum, 0.13 mmol of cyclohexylmethyldimethoxysilane, and 
the above solid catalyst component (A) in an amount, in terms of the titanium atoms contained therein, of 0.0026 mmol, 
thereby forming a polymerization cataiyst. Then, with the addition of 2.0 1 of hydrogen gas and 1 .4 1 of liquified propylene! 
preliminary polymerization was carried out for 5 minutes at 20°C, following which the preliminary polymerization product 
was heated and main polymerization was carried out for one hour at 70°C. The polymerization activity per gram of the 
solid catalyst component, the n-heptane insoluble matters (HI) in boiling n-heptane in the produced polymer, and the 
melt flow rate (MFR) of the produced polymer (a) are shown in Table 1 . 

[0085] The polymerization activity per gram of the solid catalyst component used here was calculated by the following 
formula: 



Polymerization activity = Produced polymer (g)/Solid catalyst component (g) 

[0086] The proportion of boiling n-heptane insoluble matters (HI) in the produced polymer was determined by ex- 
tracting the polymer for 6 hours in boiling n-heptane and determining the proportion (wt%) of the boiling n-heptane 
Insoluble matters. 

[0087] The melt flow rate (MFR) of the produced polymer was determined according to the test method conforminq 
to ASTM D1238 or JIS K7210. 

Example 2 

[0088] A solid catalyst component was prepared in the same manner as in Example 1 , except for using 3.07 ml of 
diethyl diisobutylmalonate instead of 3.12 ml of diethyl dibutylmalonate. A polymerization catalyst was prepared from 
the solid catalyst component and poiymerization was carried out using the catalyst. The content of titanium in the 
resulting solid catalyst component was 4.1 wt%. The polymerization results are shown in Table 1 . 

Example 3 

[0089] A solid catalyst component was prepared in the same manner as in Example 1 , except for using 2.78 ml of 
diethyl isopropylmalonate instead of 3.12 ml of diethyl dibutylmalonate. A poiymerization catalyst was prepared from 
the solid catalyst component and polymerization was carried out using the catalyst. The content of titanium in the 
resulting solid catalyst component was 3.8 wt%. The polymerization results are shown in Table 1 . 

Example 4 

[0090] A solid catalyst component was prepared in the same manner as in Example 1 , except for using 3.39 ml of 
diethyl bis (3-chloro-n-propyl) malonate instead of 3.12 ml of diethyl dibutylmalonate. A polymerization catalyst was 
prepared from the solid catalyst component and polymerization was carried out using the catalyst. The content of 
titanium in the resulting solid cataiyst component was 3.7 wt%. The polymerization results are shown in Table 1 . 



13 



EP 1 533 322 A1 



Example 5 



[0091] A solid catalyst component was prepared in the same manner as In Example 1 , except for using 4.35 ml of 
diethyl bis (3-chloro-n-propyl) malonate instead of 3.12 ml of diethyl dibutylmalonate. A polymerization catalyst was 
prepared from the solid catalyst component and polymerization was carried out using the catatyst. The content of 
titanium in the resulting solid catalyst component was 3.5 wt%. The polymerization results are shown in Table 1 . 



Example 6 

[0092] A solid catalyst component was prepared in the same manner as in Example 1 , except for using 2.55 i 
diethyl butylbromomalonate instead of 3.1 2 ml of diethyl dibutylmalonate. A polymerization catalyst was prepared 
the solid catalyst component and polymerization was carried out using the catalyst. The content of titanium tr 
resulting solid catalyst component was 3.0 wt%. The polymerization results are shown in Table 1. 



Example 7 

[0093] A solid catalyst component was prepared in the same manner as in Example 1 , except for using 2.98 ml of 
diethyl butylbromomalonate instead of 3.1 2 ml of diethyl dibutylmalonate. A polymerization catalyst was prepared from 
the solid catalyst component and polymerization was carried out using the catalyst. The content of titanium in the 
resulting solid catalyst component was 2.9 wt%. The polymerization results are shown in Table 1. 

Comparative Example 1 

[0094] A solid catalyst component was prepared in the same manner as in Example 1 , except for using 1 .80 ml of 
diethyl phthalate instead of 3.12 ml of diethyl dibutylmalonate. A polymerization catalyst was prepared from the solid 
catalyst component and polymerization was carried out using the catalyst. The content of titanium in the resulting solid 
catalyst component was 3.41 wt%. The polymerization results are shown in Table 1 . 



Comparative Example 2 



Preparation of solid catalyst component (A) 

[0095] A 500 ml round bottom flask equipped with a stirrer, in which the internal atmosphere had sufficiently been 
replaced with nitrogen gas, was charged with a mixture of 53 ml of decane and 51 ml of 2-ethylhexyl alcohol. 10 g of 
anhydrous magnesium chloride (manufactured by Toho Trtanium Co., Ltd.) was added and the mixture was heated to 
130°C and kept at this temperature while stirring to dissolve the anhydrous magnesium chloride, thereby obtaining a 
homogeneous solution. 2.2 g of phthalic anhydride was added to the solution and the mixture was reacted for one hour 
while stirring at 1 30°C. Separately, a 500 ml round bottom flask equipped with a stirrer, in which the internal atmosphere 
had been sufficiently replaced by nitrogen gas, was charged with 85 ml of titanium tetrachloride. After cooling to -20°C, 
the above homogeneous solution was added dropwise. The mixture was heated to 110*C and 2.78 ml of diethyl di- 
isobutylmalonate was added. The mixture was heated for 2 hours at 1 10°C. After removing the supernatant solution, 
85 ml of titanium tetrachloride was added and the mixture was reacted at 110°C for 2 hours while stirring. After the 
reaction, the resulting reaction mixture was washed seven times with 100 ml of n-heptane at 40°C, thereby obtaining 
a solid catalyst component. The liquid in the solid catalyst component was separated from the solid components. The 
content of titanium in the solid components was determined to confirm that the content was 2.5 wt%. 



(Preparation of polymerization catalyst and polymerization) 

[0096] A polymerization catalyst was prepared and a polymer was produced in the same manner as in Example 
The results are shown in Table 1 . 



Comparative Example 3 



Preparation of solid catalyst component (A) 

[0097] A 500 ml round bottom flask equipped with a stirrer, in which the internal atmosphere had been sufficiently 
replaced by nitrogen gas, was charged with 1 0 g of diethoxymagnesium, 2.78 ml of diethyl diisobutylmalonate, and 50 
ml of methylene chloride to prepare a suspension. The mixture was heated and reacted for 1 hour while stirring under 



14 



EP 1 533 322 A1 



reflux. Separately, a 1,000 ml round bottom flask equipped with a stirrer, in which the internal atmosphere had been 
sufficiently replaced by nitrogen gas, was charged with 400 ml of titanium tetrachloride at room temperature. The above 
suspension was added dropwise. The mixture was heated to 110°C and reacted for two hours while stirring. After 
removing the supernatant solution, the residue was washed three times with 400 ml of decane. 400 ml of titanium 
tetrachloride was added and the mixture was reacted at 1 20°C for 2 hours while stirring. After the reaction, the resulting 
reaction mixture was washed seven times with 400 ml of n-heptane at 40°C, thereby obtaining a solid catalyst com- 
ponent. The liquid in the solid catalyst composition was separated from the solid components. The content of titanium 
in the solid components was determined to confirm that the content was 3.3 wt%. 

(Preparation of polymerization catalyst and polymerization) 

[0098] A polymerization catalyst was prepared and a polymer was produced in the same manner as in Example 1 . 
The results are shown in Table 1 . 



Table 1 





Polymerization activity (g-PP/g-cat.) 


HI (Wt%) 


MFR (g/10min) 


Example 1 


56,900 


96.5 


16 


Example 2 


51,400 


97.2 


29 


Example 3 


53,000 


98.2 


25 


Example 4 


38,900 


96.4 


21 


Example 5 


30,600 


97.6 


19 


Example 6 


39,000 


98.0 


15 


Example 7 


34,600 


97.2 


12 


Comparative Example 1 


39,200 


98.1 


6.6 


Comparative Example 2 


27,500 


97.5 


8.5 


Comparative Example 3 


29,500 


97.7 


7.6 



[0099] As can be seen from the results shown in Table 1 , olefin polymers with high stereoregularity can be obtained 
in a high yield by polymerizing propylene using the solid catalyst component and the catalyst of the present invention 
exhibiting high catalytic activity to hydrogen and high activity. 

Example 6 

Preparation of solid catalyst component (A) 

[0100] A 500 ml round bottom flask equipped with a stirrer, in which the internal atmosphere had been sufficiently 
replaced by nitrogen gas, was charged with 30 ml of titanium tetrachloride and 80 ml toluene to prepare a solution. 
Next, a suspension prepared from 10 g of spherical diethoxy magnesium (sphericity, l/w: 1 .10), 50 ml of toluene, and 
2.0 ml of di-n-butyl phthalate was added to the above solution maintained at 10°C. The mixed solution was heated to 
60°C and 4.0 ml of diethyl diisobutylmalonate was added. The mixture was further heated to 90°C and reacted for two 
hours while stirring. After the reaction, the resulting solid product was washed four times with 100 ml of toluene at 
90°C. After the addition of 30 ml of titanium tetrachloride and 70 ml of toluene, the reaction mixture was heated to 
112°C and reacted for two hours while stirring. After the reaction, the resulting reaction mixture was washed ten times 
with 100 ml of n-heptane at 40 o C, thereby obtaining a solid catalyst component. The content of titanium in the solid 
catalyst component was analyzed and found to be 2.65 wt%. 

(Preparation of polymerization catalyst and polymerization) 

[0101] A polymerization catalyst was prepared and a polymer was produced in the same manner as in Example 1 . 
The polymerization activity per gram of the solid catalyst composition, the n-heptane insoluble matters (HI) in boiling 
n-heptane in the resulting polymer (a), the melt flow rate (MFR) of the polymer, the amount of fine powders (212 ujti 
or less) in the polymer, and particle size distribution [(D90-D1 0)/D50] of the polymer are shown in Table 2. 



15 



EP 1 533 322 A1 



Example 9 

[0102] A solid catalyst component was prepared in the same manner as in Example 8, except for changing the 
amount of di-n-butyl phthalate from 2,0 ml to 2.4 ml and the amount of diethyl diisobutylmalonate from 4.0 ml to 4.4 
ml. A polymerization catalyst was prepared from the solid catalyst component and polymerization was carried out using 
the catalyst. The content of titanium in the resulting solid catalyst composition was 3.0 wt%. The polymerization results 
are shown in Table 2. 

Comparative Example 4 

[01 03] A solid catalyst component was prepared in the same manner as in Example 8, except that diethyl diisobutyl- 
malonate was not added and di-n-butyl phthalate was added in an amount of 2.4 ml instead of 2.0 ml. A polymerization 
catalyst was prepared from the solid catalyst component and polymerization was carried out using the catalyst. The 
content of titanium in the resulting solid catalyst composition was 3.3 wt%. The polymerization results are shown in 
Table 2. 



Table 2 





Example 8 


Example 9 


Comparative Example 4 


Polymerization activity (g-PP/g-cat.) 


50,700 


49,300 


58,000 


HI (wt%) 


98.6 


98.8 


98.4 


MFR (g/10min) 


8.4 


11 


4.5 


Fine polymer powders (212 [im or less) (wt%) 


0 


0.4 


3.4 


Particle size distribution of polymer 


0.55 


0.69 


0.94 



[01 04] As can be seen from the results shown in Table 2, olefin polymers with high stereoregularity can be obtained 
in a high yield by polymerizing propylene using the solid catalyst component and the catalyst of the present invention 
exhibiting high catalyst activity to hydrogen. In addition, the polymer produced using the solid catalyst component and 
the catalyst of the present invention has only a very small content of fine powders and has uniform particle distribution. 

Example 1 0 

Preparation of solid catalyst component (A) 

[0105] A 500 ml round bottom flask equipped with a stirrer, in which the internal atmosphere had been sufficiently 
replaced by nitrogen gas, was charged with 30 ml of titanium tetrachloride and 20 ml toluene to prepare a solution. 
Next, a suspension prepared from 10 g of spherical diethoxymagnesium (sphericity, 1/w: 1.10), 3.1 ml of diethyl di- 
isobutyl malonate, 0.6 ml of diethyl maleate, and 50 ml of toluene was added to the above solution. The mixture was 
heated to 90°C and reacted for two hours while stirring. After the reaction, the resulting solid product was washed four 
times with 100 ml of toluene at 90°C. After the addition of 30 ml of titanium tetrachloride and 70 ml of toluene, the 
reaction mixture was heated to 1 1 0°C and reacted for two hours while stirring. After the reaction, the resulting reaction 
mixture was washed ten times with 100 ml of n-heptane at 40°C, thereby obtaining a solid catalyst component. The 
content of titanium in the solid catalyst component was analyzed and found to be 3.7 wt%. 

(Preparation of polymerization catalyst and polymerization) 

[01 06] A polymerization catalyst was prepared and a polymer was produced in the same manner as in Example 1 . 
The results are shown in Table 3. 

Example 1 1 

[0107] A solid catalyst component was prepared in the same manner as in Example 10, except that diethyl dibutyl- 
malonate was used instead of diethyl diisobutylmalonate and di-n-butyl maleate was used instead of diethyl maleate. 
A polymerization catalyst was prepared from the solid catalyst component and polymerization was carried out using 
the catalyst. The content of titanium in the resulting solid catalyst composition was 3.5 wt%. The polymerization results 
are shown in Table 3. 
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Comparative Example 5 

[01 08] A solid catalyst component was prepared in the same manner as in Example 1 0, except that diethyl diisobutyl- 
malonate was not added and diethyl malonate was added in an amount of 1 .5 ml instead of 0.6 ml. A polymerization 
5 catalyst was prepared from the solid catalyst component and polymerization was carried out using the catalyst. The 
content of titanium in the resulting solid catalyst composition was 3.7 wt%. The polymerization results are shown in 
Table 3. 



Table 3 





Polymerization activity (g-PP/g-cat.) 


HI (wt%) 


MFR (g/10min) 


Example 1 0 


57,500 


98.2 


27 


Example 1 1 


56,200 


98.0 


25 


Comparative Example 5 


58,000 


98.0 


11 



[0109] As can be seen from the results shown in Table 3, polymerization of propylene using the solid catalyst com- 
ponent and the catalyst of the present invention can produce highly stereo regular olefin polymers in a high yield with 
a higher melt flow rate (specifically at a higher catalyst activity to hydrogen) as compared with conventional catalysts. 

20 

Example 1 2 

Preparation of solid catalyst component (A) 

25 [0110] A 500 ml round bottom flask equipped with a stirrer, in which the internal atmosphere had been sufficiently 
replaced by nitrogen gas, was charged with 30 ml of titanium tetrachloride and 80 ml toluene to prepare a solution. 
Next, a suspension prepared from 10 g of spherical diethoxy magnesium (sphericity, 1/w: 1 .10), 3.1 mi of diethyl di- 
isobutylmalonate, and 50 ml of toluene was added to the above solution. 4 ml of decamethylcyclopentasiloxane was 
added at 100°C. The mixture was further heated to 110°C. Then, the mixture was reacted for one hour while stirring 

30 at 11 0°C. After the reaction, the resulting solid product was washed four times with 100 ml of toluene at 90°C. After 
the addition of 30 ml of titanium tetrachloride and 70 ml of toluene, the reaction mixture was heated to 110°C and 
reacted for two hours while stirring. After the reaction, the resulting reaction mixture was washed ten times with 100 
ml of n-heptane at 40°C, thereby obtaining a solid catalyst component. The content of titanium in the solid catalyst 
component was analyzed and found to be 3.0 wt%. (Preparation of polymerization catalyst and polymerization) 

35 A polymerization catalyst was prepared and a polymer was produced in the same manner as in Example 1 . 

The results are shown in Table 4. 

Example 13 

40 Preparation of solid catalyst component (A) 

[0112] A 500 ml round bottom flask equipped with a stirrer, in which the internal atmosphere had been sufficiently 
replaced by nitrogen gas, was charged with 10 g of diethoxy magnesium, 2.4 ml of di-n-butyl phthalate, and 50 ml of 
toluene to prepare a suspension. After the addition of 20 ml of titanium tetrachloride to the suspension, the mixture 

45 was heated. 2 ml of decamethylcyclopentasiloxane was added to the mixture at temperatures of 80°C and 100°C. 
Then, the mixture was further heated to 110°C. Then, the mixture was reacted for one hour while stirring at 110°C. 
After the reaction, the resulting reaction mixture was washed three times with 100 ml of toluene at 90°C. After the 
addition of 20 ml of titanium tetrachloride and 80 ml of toluene, the reaction mixture was heated to 11 0°C and reacted 
for one hour while stirring. After the reaction, the resulting reaction mixture was washed seven times with 100 ml of n- 

so heptane at 40°C, thereby obtaining a solid catalyst component. The liquid in the solid catalyst composition was sepa- 
rated from the solid components. The content of titanium in the solid components was determined to confirm that the 
content was 2.8 wt%. 

(Preparation of polymerization catalyst and polymerization) 

55 

[01 1 3] Polymerization was carried out in the same manner as in Example 1 , except for using the solid catalyst com- 
position prepared above. The results are shown in Table 4. 
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Example 14 

[0114] A solid catalyst component was prepared in the same manner as in Example 12, except for using 4 ml of 
1 ,3-dichlorotetramethyldisiloxane instead of 4 ml of decamethylcyclopentasiloxane. A polymerization catalyst was pre- 
pared from the solid catalyst component and polymerization was carried out using the catalyst. The content of titanium 
in the resulting solid catalyst composition was 2.3 wt%. The polymerization results are shown in Table 4. 

Comparative Example 6 

[0115] A solid catalyst component was prepared in the same manner as in Example 13, except that diethyl isobutyl 
malonate was not added. A polymerization catalyst was prepared from the solid catalyst component and polymerization 
was carried out using the catalyst. The content of titanium in the resulting solid catalyst composition was 2.6 wt%. The 
polymerization results are shown in Table 4. 



Table 4 





Polymerization activity (g-PP/g-cat.) 


HI (wt%) 


MFR(g/10min) 


Example 12 


55,500 


98.6 


13 


Example 13 


59,800 


98.5 


8.5 


Example 14 


59,000 


98.9 


10 


Comparative Example 6 


59,200 


98.9 


3.6 



[0116] As can be seen from the results shown in Table 4, olefin polymers with high stereoregularity can be obtained 
in a high yield by polymerizing propylene using the solid catalyst component and the catalyst of the present invention 
exhibiting high catalyst activity to hydrogen. 

INDUSTRIAL APPLICABILITY 

[0117] The catalyst for polymerization of olefins of the present invention exhibits a high catalyst activity to hydrogen 
and can produce olefin polymers in a high yield while maintaining high stereoregularity of the olefin polymers. The 
catalyst is therefore expected not only to produce polyolefins for common use at a low cost, but also to be useful in 
the manufacture of 

olefin copolymers having high functions. 



Claims 

1 . A solid catalyst component (A1 ) for polymerization of olefins prepared by contacting (a1 ) a dialkoxy magnesium 
compound, (b) a tetravaient titanium halide, and (c) an electron donor compound of the following formula (1), 

R 1 R 2 C(COOR 3 ) 2 (1) 

wherein R 1 and R 2 individually represent a hydrogen atom, halogen atom, linear or branched alkyl group having 
1-20 carbon atoms, cycloalkyi group, phenyl group, vinyl group, allyl group, aralkyl group, or linear or branched 
alkyl group having 1-10 carbon atoms substituted with one or two halogen atoms, and R 3 individually represents 
a linear or branched alkyl group having 1 -20 carbon atoms, cycloalkyi group, phenyl group, vinyl group, allyl group, 
or aralkyl group, in (d) an aromatic hydrocarbon having a boiling point in the range of 50-1 50°C. 

2. The solid catalyst component (A1 ) according to claim 1 , prepared by further causing (e) an electron donor com- 
pound of the following formula (2), 

(R 4 )iC 6 H 4 (COOR 5 )(COOR 6 ) (2) 
wherein R 4 is a linear or branched alkyl group having 1 -8 carbon atoms or a halogen atom, R 5 and R 6 individually 
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represent a linear or branched alkyl group having 1-12 carbon atoms, and 1 indicates the number of substituent 
R 4 and is 0, 1 , or 2, wherein the groups R 4 may be either the same or different when 1 is 2, to come into contact 
in the aromatic hydrocarbon (d) having a boiling point in the range of 50-1 50°C. 

3. The solid catalyst component (A1 ) according to claim 1 , prepared by further causing (f) an electron donor compound 
of the following formula (3), 



R 7 -C-CO0R 9 

a I' xo (3) 

R-C-COOR 10 

wherein R 7 and R 8 individually represent a hydrogen atom, halogen atom, linear or branched alkyl group having 
1 -8 carbon atoms, or linear or branched alkyl group having 1-10 carbon atoms substituted with one or two halogen 
atoms, and R 9 and R 10 individually represent a linear or branched alkyl group having 2-8 carbon atoms, to come 
into contact in the aromatic hydrocarbon (d) having a boiling point in the range of 50-1 50°C. 

4. The solid catalyst component (A1 ) according to claim 1 , prepared by further causing (g) a siloxane to come into 
contact in the aromatic hydrocarbon (d) having a boiling point in the range of 50-1 50°C. 

5. The solid catalyst component (A1 ) according to claim 1 , wherein R 1 and/or R 2 in the formula (1 ) is an isobutyl group. 

6. The solid catalyst component (A1) according to claim 1 , wherein R 3 in the formula (1) is an ethyl group. 

7. The solid catalyst component (A1) according to claim 1, wherein the electron donor compound (c) is diethyl di- 
isobutylmalonate. 

8. The solid catalyst component (A1) according to claim 3, wherein the electron donor compound (f) of the formula 
(3) is diethyl maleate or di-n-butyl maleate. 

9. A solid catalyst component (A2) for polymerization of olefins prepared by contacting (a2) a magnesium compound, 
(b) a tetravalent titanium halide, (c) an electron donor compound of the following formula (1), 

R 1 R 2 C(COOR 3 ) 2 (1) 

wherein R 1 and R 2 individually represent a hydrogen atom, halogen atom, linear or branched alkyl group having 
1-20 carbon atoms, cycloalkyl group, phenyl group, vinyl group, allyl group, aralkyl group, or linear or branched 
alkyl group having 1-10 carbon atoms substituted with one or two halogen atoms, and R 3 individually represents 
a linear or branched alkyl group having 1-20 carbon atoms, cycloalkyl group, phenyl group, vinyl group, allyl group, 
or aralkyl group, and (e) an electron donor compound of the following formula (2), 

(R 4 )lC 6 H 4 (COOR 5 )(COOR 6 ) (2) 

wherein R 4 is a linear or branched alkyl group having 1 -8 carbon atoms or a halogen atom, R 5 and R 6 individually 
represent a linear or branched alkyl group having 1-12 carbon atoms, and 1 indicates the number of substituent 
R 4 and is 0, 1 , or 2, wherein the groups R 4 may be either the same or different when 1 is 2. 

10. The solid catalyst component (A2) according to claim 9, prepared by further causing (g) a siloxane to come into 
contact. 

1 1 . A solid catalyst component (A3) for polymerization of olefins prepared by contacting (a2) a magnesium compound, 
(b) a tetravalent titanium halide, (c) an electron donor compound of the following formula (1), 
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R 1 R 2 C(COOR 3 ) 2 0) 

wherein R 1 and R 2 individually represent a hydrogen atom, halogen atom, linear or branched alkyl group having 
1 -20 carbon atoms, cyctoalkyl group, phenyl group, vinyl group, ally! group, aralkyl group, or linear or branched 
alkyl group having 1-10 carbon atoms substituted with one or two halogen atoms, and R 3 individually represents 
a linear or branched alkyl group having 1 -20 carbon atoms, cycloalkyl group, phenyl group, vinyl group, allyl group, 
or aralkyl group, and (f) an electron donor compound of the following formula (3), compound of the following formula 
(3), 



R 7 -C-COOR 9 

|| (3) 

R 8 -C-COOR 10 



wherein R 7 and R 8 individually represent a hydrogen atom, halogen atom, linear or branched alkyl group having 
1 -8 carbon atoms, or linear or branched alkyl group having 1 -8 carbon atoms substituted with one or two halogen 
20 atoms, and R 9 and R 10 individually represent a linear or branched alkyl group having 2-8 carbon atoms. 

12 solid catalyst component (A4) for polymerization of olefins prepared by contacting one another (a2) a magnesium 
compound, (b) a tetravalent titanium halide, (c) an electron donor compound of the following formula (1), 
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R 1 R 2 C(COOR 3 ) 2 0) 



wherein R 1 and R 2 individually represent a hydrogen atom, halogen atom, linear or branched alkyl group having 
1-20 carbon atoms, cycloalkyl group, phenyl group, vinyl group, allyl group, aralkyl group, or linear or branched 
30 alkyl group having 1 -1 0 carbon atoms substituted with one or two halogen atoms, and R 3 individually represents 

a linear or branched alkyl group having 1 -20 carbon atoms, cycloalkyl group, phenyl group, vinyl group, allyl group, 
or aralkyl group, and (g) a siloxane. 

13. A catalyst for polymerization of olefins, comprising (A) the solid catalyst component according to any one of claims 
35 1 -12, (B) an organoaluminum compound of the following formula (4), 

R 1l p Ai Q3 _ p M 

wherein R 11 represents a linear or branched alkyl group having 1 -4 carbon atoms, Q represents a hydrogen atom 
or a halogen atom, and p represents a real number satisfying the formula 0<p<3, and (C) an electron donor com- 
pound. 

14. The catalyst according to claim 13, wherein the electron donor compound (C) is an organosilicon compound of 
45 the following formula (5), 

R 12 q Si(OR 13 )4 _ q < 5 > 

50 wherein the group R 12 individually represents a linear or branched alkyl group having 1-12 carbon atoms, a cy- 

cloalkyl group, phenyl group, vinyl group, allyl group, or aralkyl group, R 13 individually represents a linear or 
branched alkyl group having 1 -4 carbon atoms, cycloalkyl group, phenyl group, vinyl group, allyl group, or aralkyl 
group, and q is an integer satisfying an inequality of 0^q^3. 

55 
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Fig 1. 



(A) A transition metal component contact 

(a) A dialkoxy magnesium conpound 

(b) A tetravalent titanium halide 

(c) An electron donor compound - 

R J R 2 C (COOR 3 ) 2 

(B) An organoaluminum component 

R 4 pA1Q 3 . p 



contact 



Olefins 



0<p^3 
(C) An organosilicon compound 
R\S i (OR 6 ) 4 _ a 



0 ^ q g 3 
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